Abstract Although interest in the ecological impacts of urbanisation has increased, very little is known about its impacts on freshwater turtles in Australia. This study investigated the abundance and diversity of turtles in lakes in an urbanised subtropical landscape, Brisbane, Australia. It was found that turtles were abundant throughout the lakes surveyed, with four native species and one introduced species being detected. A total of 371 individuals were captured, 77.7% of which were Brisbane River turtle (Emydura macquarii signata). The lakes surveyed were estimated to support a population of 63-269 individuals for all species combined with most lake populations containing less than 100. Turtle demographics may be classed into three stages of population growth: recovery or nascent; intermediate; and climax. Turtle reproductive success is a major concern for the survival of turtles in urban areas. Continued monitoring is needed to establish if population declines are occurring. This study suggests that while turtles are persisting in this urban environment of Australia the pressures of urbanisation, such as habitat loss, increased predation on both nests and juveniles and pollution of waterways may pose on-going risks to their survival.
Urban areas are also associated with increased threats such as mortality from dogs, cats and wildlife-vehicle collisions (Forman et al. 2003; Aresco 2005a) .
The negative influences of urbanisation have been particularly strong in relation to waterbodies such as streams, rivers and lakes (Bodie 2001) . Increased impervious surfaces in urban areas have lead to considerable changes in the hydrology and geomorphology of streams (Paul and Meyer 2001) . Increased runoff, together with discharges from industrial and commercial zones, have increased the amount of nutrients, metals, pesticides and other contaminants found in waterways (Walsh et al. 2001) . Loss of vegetation in catchment areas, particularly of riparian vegetation, decreases the amount of carbon and increases runoff entering the waterway (Paul and Meyer 2001; Urban et al. 2006) . These changes to urban waterways can affect many organisms, particularly if they are sensitive to changes in their environment or are dependent on specialised habitat requirements (Urban et al. 2006) . Urbanisation has been shown to cause a reduction in the diversity and abundance of a wide range of native species in waterways (Arthington et al. 1983) . Moreover, native species are often out-competed by invasive introduced species which are more tolerant of environmental changes and have high reproductive potential (Arthington et al. 1983) .
Australia supports a relatively large diversity of freshwater turtle species, some of which are known to occur in urban lakes (Cann 1998) . However, very little is known about the ecology or conservation status of turtles in urbanised landscapes in Australia. Many species of turtles have limited dispersal capabilities, with populations easily becoming isolated by barriers such as dams and roads (Gibbs and Shriver 2002) . It is essential that turtles are able to move between terrestrial and aquatic environments as they must lay their eggs on land, some species travelling over 500 m to find good nesting sites (Cann, 1997) . In a dry country such as Australia it is also important for them to be able to travel between lakes if their current lake dries up. They are an important part of food webs, as top predators or by having a major influence on energy transfer via their often large biomass (Chessman 1984; Spencer et al. 1998) . In North America, numerous studies (Rubin et al. 2001; Spinks et al. 2003; Conner et al. 2005 ) on turtles in urban areas have discerned significant declines in several species and populations. Such declines have been attributed to decreased nesting success (Conner et al. 2005) , an increase in deaths from road accidents (Gibbs and Shriver 2002; Aresco 2005b ) and over-exploitation by humans (Gibbons et al. 2001) . In Australia, the impact of introduced red foxes (Vulpes vulpes) (Spencer and Thompson 2005) and commercial fish traps ) on turtle populations has been investigated, but there has been little attention to the status of turtles in urban areas.
The distribution and abundance of turtles in any of the urbanised areas of Australia remains largely unknown. In South-East Queensland, the most rapidly growing region in Australia (Australian Bureau of Statistics 2007), large numbers of natural and artificial lakes exist. Many of these lakes have been reported as supporting freshwater turtles (Thomson 1978; Stewart 1996) , including the Brisbane River turtle (Emydura macquarii signata), snake-necked turtle (Chelodina longicollis), broad-shelled turtle (Chelodina expansa) and saw-shelled turtle (Wollumbinia latisternum). However, little is known of their abundance and diversity.
The present study aimed to undertake a preliminary assessment of the status of native species of freshwater turtles in relation to the potential stresses brought about by urbanisation by investigating the diversity and relative abundance of freshwater turtles in urban lakes near Brisbane, the largest city in South-East Queensland. This study represents the first detailed investigation into the biodiversity and abundance of freshwater turtles in an urban area in Australia. The specific objectives of the study were to:-1. Investigate the diversity and abundance of species in urban lakes; 2. Estimate the total population size of each species using mark-recapture data; 3. Describe the size distribution of turtles found in urban lakes; and 4. Investigate whether the abundance of turtles is correlated with physical and/or biological habitat characteristics.
Methods

Study sites
The study was carried out in lakes located within the suburbs of Brisbane, Australia (latitude 27°28'S, longitude 158°02'E). The size and location of most lakes within Greater Brisbane region was informally surveyed using a Brisbane street directory (UBD 2003) from which a subset of eight was selected as being representative. These sites were selected for intensive study on the basis of the following criteria: (1) easy accessibility; (2) situated on public land; (3) being within the range of 0.3-5 ha in area; and (4) having clearly defined boundaries (i.e. not flowing rivers or creeks). The area of each lake was estimated using Google Earth (Table 1) . Several of the lakes, including Edenbrooke Estate, Gainsborough Park and Lakewood Estate, had been artificially created within the last 15 years on creek or drainage lines (Hassall 2000; Your Suburb: Mackenzie 2007) . MtCoot-tha Botanical Gardens was also artificially created 37 years ago by damming a small gully. The other lakes used in the study are presumed to have existed as lakes, lagoons or creeks previous to modifications into their current form (Table 1) .
Trapping procedure
Field work was conducted between 4th October 2006 and 16th February 2007 (totalling 62 field days) to coincide with the metabolically active season of the turtles. Each of the eight lakes was visited at six times to determine the abundance and distribution of freshwater turtles in Brisbane. Trapping at each lake was rotated so that it occurred approximately once every two weeks at any specific lake. Six additional days of trapping were undertaken at Sherwood Arboretum to compare the trapping efficiencies of two trap designs (see de Both fyke nets and cathedral traps were used to sample turtles. Fyke nets are commonly used to capture aquatic turtles and are of similar design to hoop nets (Legler 1960; Ream and Ream 1966) . The cathedral trap is a relatively more recent trap design found to be effective for trapping turtles (NRW 2006) and is similar to a trap designed by Kuchling (2003) . The capture rate of turtles between fyke nets and cathedral traps was not significantly different. Traps were deployed in the early morning and removed after approximately 6 h. (For more details on trapping methods see de Lathouder 2007) .
Traps were collected and turtles were place in large container prior to measurement and were released within 1.5 h of the trap being removed from the water. Turtles were marked for individual identification by notching the marginal scutes of the carapace with a small 'V' (Cagle 1939) . Newly hatched individuals were not marked due to their small size and the risk of injury. The species of each turtle was recorded using the diagnostic features described in Cogger (2000) . The maximum carapace length and width, maximum plastron length and width, shell height and extended tail length were measured using a vernier calliper (to the nearest 0.1 cm). Each turtle was also weighed using a spring balance. The sex of each individual was determined from the tail length (Cann 1998) . Males of all species (except the snake-necked turtle) had a tail length of almost double that of an equalsized conspecific female (tail length 7-13 cm). Females generally had a tail length of 4-8 cm, while turtles with a carapace length <15 cm and a tail length of <4 cm were classed as juvenile. The presence of eggs was assessed in females by manual external examination of the cavity in front of the hind legs.
Habitat characteristics
During the first trapping session an assessment of habitat variables was conducted at each lake. The average depth of the lake was estimated from personal experience of the incline and depth of the water where traps were set, or from a published source where available. The depth was classed as: (i) less than 1 m; (ii), 1-2 m; (iii) 2-3 m; and (iv) greater than 3 m.
The lakeside vegetation present within 2 m of the shoreline was categorised into five broad groups: grasses, shrubs, trees, rushes and herbs, and the percentage cover estimated by eye for each category. Similarly, aquatic vegetation was categorised into four broad groups: emergent, free-floating, attached or submerged (Shirley et al. 2003) . The total percentage cover of aquatic vegetation was estimated visually as well as the percentage cover for each type of vegetation. The number of emergent logs and rocks were also counted as these represent potential basking spots available to the turtles. A quantitative measure of human disturbance was recorded by noting all people (walkers, runners, dogs, children, bikes, people feeding wild animals, etc.) within 100 m of the lake. This was then divided by the number of hours spent at the lake to obtain the number of people present per hour. It is important to note that despite the fact that it is an average, the number of people detected was highly uneven with peaks at around 06:00 and 16:00 for most sites. The occurrence of artificial feeding of turtles or other animals by visitors to the park was also noted. The majority of artificial food given was bread, but also included rice and vegetable scraps at some locations. The fish caught in the traps were identified to species using Allen et al. (2002) and the number of each species was recorded.
Data analysis methods
Most statistical analyses were performed using the statistical program SAS system (SAS Institute 1999). Separate Chi 2 contingency table analysis was conducted on the maturity (adults to juveniles), sex (males to females) and presence of eggs (gravid females to nongravid females) frequencies for the three dominant species captured. Expected values were derived by multiplying the row total and column total and then dividing by the total number. The differences in abundances of the three dominant species in the eight different lakes, as well as the frequencies of maturity, sex and presence of eggs were also compared using Chi 2 contingency table analysis. Due to low expected values, Fisher's exact test Chi 2 was used for comparing the species abundance and egg presence frequencies between the different lakes. As a result of the low number of captures of the snake-necked turtle and red-eared slider turtle, they were not included in any analysis except overall counts of individuals.
A multiple regression model was used to investigate which habitat characteristics predicted the abundance and species of turtles and the mean number of observed turtles at each lake. The final model using stepwise selection was chosen on the basis of all variables in the model contributing to more than 10% of the total variation (as shown by the R-square value). Stepwise selection adds variables according to which have the highest natural variation; however it will then remove any variables that no longer have a significant contribution to the variation, thereby resulting in the 'best' model. The variables in the model include the habitat characteristic variables previously mentioned and summary statistics of the fish captured (total number of fish, total number of native and exotic fish, total number of species and number of native and exotic species).
Mark-recapture analysis was performed using the software Program MARK (White 2007) . Mark-recapture data for each lake was used to find the estimated population size. CAPTURE analysis was performed using the 'appropriate' function to select the best model for each of lakes (models used include the Jack-knife, Null, Pollock and Otto, Generalized removal, Zippin and Darroch).
Results
A total of 368 individual turtles were captured during the study representing four native species and one introduced species (Table 2) . Of these, 73 were recaptured resulting in a total of 441 captures. The majority of captures were of the Brisbane River turtle, with 77.7% of the individuals captured. There was a significantly different ratio of adults and (Wells 2007) juveniles among the different species than expected (Chi 2 =35.31, df=3, p=<0.0001). While the Brisbane River turtle had an almost equal ratio of adults and juveniles (1.5:1), the saw-shelled turtle and broad-shelled turtle had significantly more adults than juveniles with a ratio of 11.3:1 and 20:1 adults to juveniles respectively. For adult turtles there was relatively little variation in the ratio of males and females between species. Approximately 50% of female Brisbane River turtles and saw-shelled turtles were found to be gravid, while no female broad-shelled turtles were.
Comparison of turtles between lakes
The total number of individuals captured varied greatly among the lakes (Fig. 1) , ranging from 86 turtles for Minnippi Parklands to 14 turtles for Mt Coot-tha Botanical Gardens. The abundance of each species varied considerably between the eight lakes (Fisher's exact test chi 2 =88.44, df=14, p=<0.0001). The Brisbane River turtle was the most abundant species at all lakes except Mt Coot-tha Botanical Gardens which had similar numbers of saw-shelled turtles and Brisbane River turtles (Fig. 1) . Most lakes had two or three of the four native species with the snake-necked turtle being detected the least with a total of only three captures.
The ratio of adults to juveniles differed significantly between the different lakes (Chi 2 = 82.24, df=7, p=<0.0001)( Table 3) . Sherwood Arboretum had the lowest proportion of juveniles (2.7% of captures) while Gainsborough Park had the highest (72.2%). The ratio of males to females varied significantly for the different lakes (Chi 2 =19.96, df=7, p=<0.0057) ( Table 3) . Dennis Lake recorded the highest percentage of males and Edenbrooke Estate recorded the lowest. At the majority of lakes, less than 50% of females were gravid (Table 3) .
The size distribution of males, females and juveniles of the Brisbane river turtle at each lake is shown in Fig. 2 . Dennis Lake and Gainsborough Park supported distinctly younger (Fig. 2a and c) . Lakewood Estate, Underwood Park and particularly Sherwood Arboretum were found to have populations biased towards an older, mature population (Fig. 2d, g and h) . Only Edenbrooke Estate and Minnippi Parklands appeared to have relatively evenly spread of size distributions for adults and juveniles ( Fig. 2b and e) . Cumulative capture curves (Fig. 3) indicated that further trapping effort was needed to obtain reliable estimations of the population size at all lakes, except Mt Coot-tha Botanical Gardens where the curves reached an asymptote (Fig. 3) . As new individuals continued to be captured at most of the lakes, the populations were likely to be larger than that observed. For example, although both female and hatchling Brisbane River turtles were captured at Mt Coot-tha Botanical Gardens, no male Brisbane River turtles were detected. The population estimates for each lake were variable and depended heavily upon the number of individuals captured and the number of recaptures within each species at each lake (Table 4) . At most lakes the population estimates for the broadshelled turtle and saw-shelled turtle did not vary greatly from the number of captured (Table 4) , due to the low number of captures and low or lack of recaptures. Most of the lakes were estimated to have populations at least double the size of the captured population. Population estimates ranged between 272 for Minnippi Parklands and 25.5 for Mt Coot-tha Botanical Gardens.
Habitat characteristics correlations
There was a significant relationship between the habitat characteristics (Table 5 ) and the total number of turtles captured (f=26.15, df=2, p=0.0022, R 2 =0.9127). The total number of turtles captured at each lake was positively related to the percentage of herb cover along the shoreline of the lake and the level of disturbance (Fig. 4a and b, respectively) . Different habitat characteristics were found to best predict the total number of turtles captured for each species. For the Brisbane River turtle (f=36.32, df=2, p=0.0011, R 2 =0.9356), the percentage of herbs along the shoreline of the lake were positively correlated to the number of turtles (f=15.47, df=1, p=0.0077, Partial R 2 =0.7205) while the depth of the water was negatively correlated with the number of individuals (f=16.70, df=2, p=0.0095, Partial R 2 =0.2151). In other words, more Brisbane River turtles were captured in relatively shallow lakes that had a high percentage of herbs along the shoreline of the lake. The percentage of shrubs along the shoreline of the lake and the depth of the lake was positively related to the number of saw-shelled turtles found at each lake (f=28.86, df=2, p=0.0018, R 2 =0.9203). The number of broad-shelled turtles was positively correlated with the number of introduced fish and the level of disturbance (f=142.71,df=2, p=<0.0001, R 2 =0.9828). Carapace length (cm) 
Discussion
Although it is known that freshwater turtles occur in urbanised South-East Queensland (Cann 1998; Cogger 2000) , little information exists on how turtles have been impacted by urban development. This study has revealed that freshwater turtles have survived in urban areas despite the many pressures to which they are subjected. All species known to occur in the Brisbane area were detected during the study period. The majority of captures were of the Brisbane River turtle, either because it is more abundant or because it more readily enters the traps (Chessman 1988) . The broad-shelled turtle is known to be relatively difficult to capture (Cann 1978) , and is rarely caught in hoop nets (Legler 1978) . Generally, it is thought that this is because their secretive behaviour and feeding style limits the amount of contact this species would have with the traps (Cann 1998 though the broad-shelled turtle was captured less often than short-necked species (Saw-shelled turtle and Brisbane river turtle), they contributed a significant proportion of all captures. Most surprising was the lack of snake-necked turtles captured. Other studies have successfully captured large numbers of this species with hoop and fyke nets (Beumer et al. 1981; Chessman 1984) in similar habitats. This suggests that the lack of snake-necked turtles captured during the present study was due to their sparse distribution in the lakes sampled. Most of the studies that have captured large numbers of snake-necked turtles were carried out in the cooler regions of south-eastern Australia where there are fewer competing turtle species (Chessman 1988; Ross 2000) . Another possibility is that the optimal physiological and ecological habitat for this species occurs mostly in south eastern Australia, while the warmer regions in Queensland represent the outer limits of their range (Cann 1998) .
Size distribution
The percentage of juveniles present at each lake was highly variable. From the size distributions it can be seen that there are varying demographics of the turtle assemblages at different lakes. Turtle demographics can be classed into three stages of population growth: recovery or nascent; intermediate; and climax ( Fig. 5) (Georges et al. 2005) . Both Dennis Lake and Gainsborough Park appear to have a recovering or nascent turtle assemblage with many juveniles, hatchlings and gravid females. Gainsborough Park has only recently been built (Table 1) , resulting in an expanding population with a lot of juveniles and a few adult individuals immigrating to the lake. There is also concern that the management and removal of aquatic vegetation may have impacted the abundance of turtles at some of the lakes (Booms 1999) . To control the extent to which aquatic vegetation covers lakes, local councils spray with pesticides or mechanically remove the vegetation. It is not known how this affects turtle populations. Although Dennis Lake was originally a natural lagoon, there are reports from local residents that turtles have been illegally fished in the past, which may explain the recovering size distribution. Alternatively, Dennis Lake very large and due to the geographical feature of the lake nets could only be place around half of the lake. It is possible that turtles were more common in other regions of the lake, even though many turtles were sighted surfacing in the regions where the nets were placed. It is also suspected that in places like Dennis Lake where visitors and residents regularly fed bread to the turtles and ducks, the turtles have less need to actively search for food and are less likely to enter the into the nets. The size distributions show that the turtle populations were at varying stages of growth. Despite the fact that Edenbrooke Estate was the 'youngest' of all the lakes (Table 1) , it had an intermediate size distribution possibly due to colonisation from the connecting parts of the creek or introduction to the lake as unwanted pets, and subsequent population expansion through the availability of new resources. Minnippi Parklands also had an intermediate size distribution. Fishing is known to occur at the lake, which has been shown to have impact on the size distribution of turtles (White 2002 ). Indicators of a high level of breeding activity, such as many juveniles, gravid females and several nests are a sign of high level of recruitment potential into the turtle population. Lakewood Estate, Sherwood Arboretum and Underwood Park had climax size distributions with few juveniles present. These lakes, particularly Sherwood Arboretum, have limited reproductive success. However, it is unlikely that this was due to lack of breeding activity as nests and gravid females were observed at all of the climax turtle assemblages. Rather, predation on nests and hatchlings by other species such as eels, foxes, water rats (Hydromys chrysogaster) and other rats (Rattus spp.) is thought to have significantly impacted the reproductive success of species of turtles (Thompson 1983; Cann 1998; Spencer et al. 2006) . Local residents (personal records) at Sherwood Arboretum have also observed purple swamphens (Porphyrio porphyrio) and Australian white ibis (Threskiornis molucca) digging up nests and chasing hatchlings as they make their way to the water. Although these predators were present at several sites, some sites (like Sherwood Arboretum and Lakewood estate) had particularly high numbers of Australian white ibis or eels.
Population estimation
When conducting studies determining the abundance of a species it is difficult to census every individual in the population (Koper and Brooks 1998; Southwood and Henderson 2000) . The cumulative individual curves obtained in this study indicated that for all lakes except Mt Coot-tha Botanical Gardens, the total number of captures was still increasing. This indicates that the total population size had not yet been reached (Southwood and Henderson 2000) . Mark-recapture studies are often used to estimate the population size when the total population cannot be determined directly. In this study, the population estimates for each lake varied and depended heavily upon the number of individuals of each species that were captured and recaptured at each lake. The accuracy of the population estimates increases as the number of recaptures increases (Koper and Brooks 1998) . As a result of the low number of captures and recaptures for some species, the precision of the population estimates at several of the lakes were severely reduced. The total estimated population size at the lakes ranged between 63 and 269 for all the species combined with most being under 100 individuals. This is similar to a study by White (2002) in rural waterholes of inland Queensland, Australia which found population sizes ranging between 22 and 190 individuals of the Cooper Creek turtle (Emydura macquarii). Trembath (2005) found considerably larger populations of Krefft's river turtle (Emydura macquarii krefftii) in Alligator Creek and Ross River near Townville, in tropical Queensland, with an estimated population of between 441 and 5342 individuals. However, as Trembath (2005) conducted their study in flowing rivers rather than isolated waterholes or lakes, it was expected that the population estimates would be larger. Ross (2000) studied turtles in urbanised region of the Parramatta River catchment and found turtle populations ranging between 34 and 124 individuals of two species (snake necked turtle and Sydney basin turtle, Emydura macquarii dharruk). Although the species composition varied due to differences in geographical range, the number of individuals captured was similar to the present study. This suggests that populations may be higher in natural settings, given favourable conditions. However, the number of turtles found was not unusual for urban regions in Australia.
Habitat characteristics predicting turtle abundance
The relative abundance of the turtles was positively attributed to the amount of vegetation along the shoreline of the lake and level of disturbance. As both these variables appear to be relatively arbitrary (particularly the disturbance level as it is a qualitative measure of the number of human activity at the site), this shows that turtles inhabit urban areas regardless of any habitat features or the lake. Other studies have also found that many turtle species are hardy and versatile, surviving across a wide range of habitats (Chessman 1988; Cann 1998; Trembath 2005) .
The abundance of each species in urban lakes was attributed to different habitat characteristics. Higher numbers of Brisbane River turtles were captured at lakes that were relatively shallow while the abundance of the broad-shelled turtle was positively associated with introduced fish abundance. This may be partially due to broad-shelled turtles tending to be entirely carnivorous while the other species are generally omnivorous with an emphasis on plant material (Georges 1982; Chessman 1983; Spencer et al. 1998; Trembath 2005) . However, high fish production is likely to indicate generally high lake primary and secondary production, hence, increasing food resources for all turtle species within such lakes.
Conservation and management issues
Turtles around the world are increasingly affected by urbanisation (Spencer 2001; Spinks et al. 2003; Baldwin et al. 2004) ; the diversity and abundance of turtles in Brisbane does appear to be reduced compared to those in rural or natural waterbodies (Cann 1998; Trembath 2005 ). However, they are surviving, particularly in some lakes (such as Minnippi parklands) were they appear to be doing very well despite any possible increases in predation, pollution or disturbance. A similar study in the urban landscape around Sydney, Australia, found that turtles were also successfully coping with the pressures of urbanisation (Ross 2000) . However, not all the lakes appear to be doing well. Studies in other urban areas, particularly in North America, have shown that increased predation and isolation and decreased terrestrial habitat has lead to declines in population numbers of many species of turtles (Mitchell 1988; Spencer 2001; Baldwin et al. 2004) .
A major concern for urban turtles is the modification or destruction of terrestrial habitat surrounding lakes (Semlitsch and Bodie 2003; Baldwin et al. 2004 ). Long-necked turtles (Chelodina) are known to travel several hundred meters to nest and migrate up to 5 km between lakes (Cann 1998; Roe 2008) . Most Australian turtles will aestivate on land if their waterbody dries up though few hibernate on land during winter (Cann 1998) . Turtles require relatively undisturbed habitat surrounding lakes for nesting, hibernation and aestivation (Burke and Gibbons 1995; Bodie 2001) . The modification of habitats in parks and fragmentation of habitat by roads mean that many turtles cannot find adequate sites for nesting, hibernation or aestivation (Burke and Gibbons 1995; Semlitsch and Bodie 2003) .
The climax size distributions that were observed at some of the lakes may indicate decreasing population sizes. Turtles are long-lived and the effect on diminished reproductive success may not be observed as a population decline until many years later (Belzer 2000) . There is some concern about the populations at Sherwood Arboretum and Underwood Park, which may be declining or may decline in the future as a result of low levels of recruitment into the population. Access to appropriate nesting sites and the protection of nests and hatchlings from predators may be a vital strategy to ensure the continued survival of turtle populations at some lakes in urban areas (Spencer 2001; Spencer et al. 2006) .
Even though there were many turtles still present in urban lakes, the impacts of humans were noticeable. For example, some dead turtles were discovered during the study. The causes of death were attributed to a collision with a car in one instance but remain unknown for the two other turtles. There were also several injuries observed on turtles, including damaged or abnormal eyes, absent limbs and damaged carapace or plastron. Injuries may have occurred from encounters with vehicles particularly lawnmowers, fishing lines or large animals such as dogs, goannas, other turtles and fish. Pollution of waterways remains a constant threat, as occurred in a creek in southern Brisbane when a petroleum tanker crashed and spilt over 340,000 L of fuel onto the road and into 800 m of the local creek although not near any of the study sites (The Courier-Mail 2-3 June 2007). Animals including ducks, turtles, water dragons, fish and frogs were killed, many within minutes of coming in contact with the petrol. Although such a spill is an extreme example of pollution in urban areas, it shows the magnitude of death that can occur when pollutants enter waterways. Lesser doses of pollutants may be affecting the survival and reproductive output of many species in many urban waterways.
This study shows that turtles are persisting in certain urban areas of Australia; however, the pressures of urbanisation, such as habitat loss, increased predation and pollution of waterways were also apparent at some lakes around Brisbane. The creation of water features in housing estates appears to be beneficial as it has provided new areas for many species, including turtles, to inhabit in urban landscapes. There is some concern for the long term survival of turtles at some lakes in urban areas, particularly lakes with climax population demographics, as low reproductive success many indicate a declining population. Future long term monitoring of populations is necessary to establish whether population declines are occurring. The level of predation on nests and juveniles in these urban landscapes also warrant further investigation.
